Abstract. In the current economic conditions, the innovation project value assessment is a driving force of innovation system development of high-tech enterprises. Innovation projects value assessment is a crucial determinant of technologically advanced industrial enterprises competitiveness in the world market. Therefore it is important to identify the factors that influence on selection of innovation project value assessment methodology for high-tech enterprises. The aim of this paper is to select the innovation project value assessment methodology for high-tech enterprises, that would satisfy their features and to offer the approaches to innovation project value assessment in case of unsuitability of reviewed methodologies. The analytic hierarchy process and fuzzy inference method is used as methods of decisionmaking in this paper.
Introduction
The founder of classical theory of innovation J. Schumpeter pointed out that innovations are not only the production and distribution of new products and services but also application of new production technologies, control of new sales markets as well as creating new organization solutions in economy [1, 4, 5, 6, 8] . Innovation activities include all scientific, technological, organisational, financial and commercial steps, which actually lead, or are intended to lead, to the implementation of innovations. According to [2, [10] [11] [12] [13] [14] [15] [16] [17] it can be stated that every high-tech enterprise is an innovative company; however, not every innovative company is a high-tech one.
Considering the differences between the high-tech enterprises and innovative companies, it is necessary to outline whether the high-tech enterprises are producers/creators of advanced technologies or rather a users, commonly applying such technologies. From our point of view , a "fusion" approach should be used in this case, as high-tech enterprises usually produces advanced technologies, so that it could be used in their products and (or) services. Normally high-tech enterprises have their own R&D units that produce advanced technologies. In this article, we offer to call them "innovation projects".
Nowadays, innovation projects value assessment is a crucial determinant of technologically advanced industrial enterprises competitiveness in the world market. Therefore, it is important to identify the factors that influence on selection of innovation project value assessment methodology for high-tech enterprises.
The review of innovation project value assessment approaches
As innovation projects are being considered as business units of high-tech enterprises, their key features should be outlined. The most important attributes of innovation projects could be divided into four groups as following:
x financial features: total size of the financial expenses for R&D (capital expenses and investment risk); x team features: flexibility of organization structures, close scientific and technical partnership relations, team work potential, ability to share, use and collect, knowledge; x means features: fast diffusion of technological innovations, the volume and diversity of collected and processed information, knowledge and unique competences of personnel; x Idea features. High creativity entrepreneurship, science demand and agility, fast devaluation of the prepared and applied technologies, communication supported with modern IT. The innovative project, as well as other business functions, requires special tools: the rules, scope, and budget constraints. Let us assume that approaches, which are used to measure business projects value, are common to innovation projects value assessment. Therefore, we offer to consider them taking into account the innovation project features.
Income approach -a set of methods for assessing the valuation of the object, based on the determination of the expected revenue from the object use. There are several variations of the income approach: direct capitalization method, the method of discounted cash flow, and gross income multiplier method [5] . Using the income approach has the following disadvantages: this approach requires a subjective allocation of cash flows, the relevant information that is necessary for the calculations, is not always available from internal reporting.
Comparative approach is a set of methods to assess the valuation of the object, based on a comparison of the object with the objects of evaluation -evaluation of analogues of the object, for which there is information on prices. The main disadvantage of this approach is impossibility of application in case of inadequate data availability.
The cost approach -a set of methods for assessing the valuation of the object, based on the determination of costs necessary for the reproduction or replacement of object of evaluation, taking into account wear and tear and obsolescence. The cost approach views the business as a set of assets and liabilities that are used as building blocks to construct the picture of business value. This approach does not capture the cash flow generating ability of the assets or business and cost and value may have large discrepancy.
All of approaches, that we have considered, except comparative, are based on quantitative methods of evaluation, so they are not taking into consideration qualitative characteristics.
It should be noted that the method of estimating the value of the high-tech enterprise innovation project for more accurate assessment should be based on two groups of scales: qualitative and quantitative. Some researchers, however, considering only quantitative metric [18, 19] , because of its simplicity to analyze using statistical methods. Other researchers assert the importance of the qualitative approach in measuring the value of innovation projects [11, 14, 15] , as it allows measuring the innovative project value considering its qualitative characteristics.
From our point of view, there is a need to mix quantitative and qualitative approaches to fully assess the value of innovation project.
This article discusses the qualitative modeling method, which allows to transform quantitative values into qualitative, combine them with the values of quality scales method and fuzzy linguistic modeling. Fuzzy modeling suggests the development of qualitative model based on linguistic descriptions. Quantitative data processing can also be performed using fuzzy modeling.
Innovation project value assessment methodology
In this paper, we are using a special expansion pack Fuzzy Logic Tools in MatLab environment to simulate the process of innovative projects valuation. It is necessary to build a model, which automatically determines the innovation performance value in the output in interactive mode. It is also required to take into account qualitative variables according to the algorithm, with the usage of the graphic editing tools and visualization.
The substantive interpretation involves the selection and specification of the input and output variables corresponding the fuzzy inference system. In this case, the model is supposed to use six input variables and one output. The type of defined system will be outputted on the Mamdani algorithm, so we are going to use min function as activation function. As logical connective "And" is used in all rules in the knowledgebase, then operation min-conjunction is used as the aggregation method. Center of gravity is used as a defuzzification method.
The fuzzy inference system is shown in Figure 1 . It is based on the following variables:
x the novelty of innovation projects; x the quality of the innovation environment; x high-tech enterprises income from researches; x the number of license obtained; x Skolkovo grants x the number of IPO; x the innovation project performance.
The function plot is done for every variable of the fuzzy interference model using the editor of membership functions. Membership functions plots of linguistic variables and their descriptions are shown in Figures 2-4 . For all of these terms we will use the triangular function trimf. This function uses three parameters a, b, c, take DUELWUDU\ UHDO YDOXHV DQG RUGHUHG DEF DWWLWXGH In the fuzzy inference systems, linguistic variables have different terms for each variable. As a term of the plurality of input variable «the quality of the innovation environment» will use the set T1 = {"low", "medium", "high"}, to low term we define the parameters of [-1 -0.6 0.2] to medium term we define the parameters [0.2 0.4 0.6] to high term we define the parameters [0.6 0. 8 1] .
As the term sets of the output variable "Innovation project performance», we will use a set T7 = {"mf1", "mf2", "mf3"}. Fig. 4 shows the membership function of the linguistic variable terms ("low", "medium", "high").
The GUI of rules editor after setting the rule base is shown in Figure 5 .
The evaluation of mutual values of linguistic variables in the results of the fuzzy inference system shows for example that combination of average values of: high-tech enterprises income from researches, license obtained, Skolkovo grants and IPO with the low value of innovation environment quality, lead to an average value of innovation project performance.
In contrast to investment projects, innovative projects of high tech enterprises is characterized by specific risks and uncertainties arising from technical and market innovation novelty. Therefore, there is a need for new approaches to assess the effectiveness of such projects. Innovation project value assessment methodology based on fuzzy logic approach, which is offered in this paper, could be used to evaluate innovation project effectiveness as a first-step methodology because of its simplicity. 
Conclusion
The innovation project value measurement is very important for technologically advanced industrial enterprises development, because the innovations are the basic drive for country economic growth. However, there are many difficulties in measuring innovation project value. This paper suggests the model based on fuzzy logic, which helps to avoid some of these difficulties such as the usage qualitative and quantitative indicators separately in measuring innovation project value.
